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.W  AUTC-MATIC  IITOYCLINC  MUI.TIPLK  S.VffU2R 


Introduction 


In  many  problems  In  commmlcatlon  or  data  analysis  some 


speed-up  may  be  accomplished  by  multiple'  processing  devices 


idiere  several  processing  units  are  operated  in  parallel  or 


by  signal  speed-up  devices  in  which  the  Information  bearing 
signal  is  sped-up  so  that  the  nnltiple-Firocessing  operations 


can  be  carried  out  serially  by  a single  processing  unlto 

processing  

Thqispeed-up  might  also  be  accomplished  by  a combination  of  signal 


speed-up  and  multiple^'iaocessing  devices.  A del»\y  line 


memory  using  a quartz  ultrasonic  delay  line  provides  one 


means  of  aceompllsMng  the  signal  speed-up.  In  this  device. 


lo  MHi  Progress  Report,  Jan-Maz*oh  1954,  PP.  17-"22 


known  as  the  DELTIC  (Delay  Line  Time  Compressor),  sueoesslve 


samples  of  the  signal  are  fed  Into  the  delpy  line  adTter  the 

previous  sample  has  passed  throu^  and  bean  recycled  into  the 

delay  line  a second  time.  Ihe  samples  in  the  outpit  of  the 

delay  line  are  thus  in  con  act  sequenti6LL  order  tut  are  coia- 

pressed  in  time  by  a factor  depending  on  the  relation  between 

the  sampling  period  acd  the  delay  time  of  the  memory  unit. 

.The  purpose  of  the  present  paper  is  to  describe  a similar 
* 

device  in  which  a blnaxy  shift  register  is  used  for  the  mnnory 


Description  of  the  Aiitomfatlo  Renycllng  Ihiltlple  Sampler 
As  n«ay  be^seen  from  the  block  diagram.  Figure  1,  the 
circuitry  of  the  lutcmatic  Recycling  Multiple  Sampler  is 
relatively  simple* 
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Figure  1.  Block  Diagram  of  Autcsiatic  Recycling  Ifultij^ 
Sampler. 


The  functions  of  the  limiter,  sampler  and  selectcr  may  he 
combinad  into  a single  unit.  They  are  separated  in  the  block 
dlagrera  to  simplify  the  discussi.on  of  the  operation.  The 
pulse  frequency  divider  isay  be  any  unit,  such  as  a preset 
counter  for  example,  which  will  recycle  and  anlt  a pulse 
after  receiving  a predeteimdaed  number  N of  pulses  ftrem  the 
master  pulse  generator.  The  binary  shift  register  for  example 
may  hove  R « K - 1 stajes  for  ore  mode  of  operation.  The 
sampler  and  selector  are  driven  fcy  the  pulse  frequency  divider 
at  the  rate  (9‘?^R)pp8,  thlle  the  binary  tUnii't  register  is 
driven  by  the  master  pulse  generator  at  tho  rats  of  ^pps. 
Additional  pulse  shaping.  Impedance  aatohiiig,  and  power  ao^iU- 
fler  ixalts  may  be  necessary  to  m^e  the  puleos  from  the  pulse 
generator  operate  the  sampler,  selector  and  shift  register 


2. 


With  R * N - 1 stages  In  tha  binary  shift  register  the  i 

Automatic  Recycling  Multij^.e  Sampler  operates  in  a manner 
similar  to  that  described  for  the  DELTIC,  A limiter  is  indi- 

1 

Gated  on  the  input  to  the  sampler  to  ins^jre  binary  type  | 

sampleso  With  the  pulse  freqirancy  divider  set  to  recycle  and  I 

emit  a pulse  on  the  Nth  count  ft*om  the  master  pulse  generator 

each  timo,  tha  selector  will  accept  N - 1 samples  from  the 

output  ol‘  the  blnaiy  shift  register  and  r0<ycle  them  into  the 

shift  register,  'the  Nth  sample  from  tlie  output  of  the  shift 

register  vdll  be  rejected  however  and  a sanqsle  troa  the 

sampler  Tilll  be  substituted.  N « 1 counts  later  this  sample 

TTill  be  recycled  into  the  shift  register  and  on  the  next  : 

count  a new  sample  from  the  sampler  wl3.1  be  fed  into  the  ^hlft  | 

i 

register,  etc.  After  flR  a N(N  - 1)  counts  the  shift  register  j 

I 

will  be  filled  with  couaecutlve  samples  from  the  input  signal 

but  the  iaherva3.  between  saccoasive  sairples  on  the  output  of  j 

i 

the  shift  register  wi.ll  be  less  than  that  on  the  original  } 

i 

signal  by  a factor  of  l/N.  It  follows  that  elU  frequencies  | 

less  than  ^■P/2'S  will  have  been  increased  ty  a factor  N.  This 

8ped»up  output  of  the  shift  register  is  rapeated  each  time 

the  shift  register  recycles,  the  only  change  being  that  the 

oldest  sample  is  drop!«d  each  time  and  a new  sample  added  so 

that  during  any  rQcyc?.lng  period  the  output  of  the  shift 

register  consists  of  the  N 1 most  recently  received  samplee 
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/ 


of  the  inco:ain£  tji{;'nal, 

Otlier  nodes  of  operation  aie  possible  with  the  iUitomatle 
Recycling  Multiple  Saciplero  For  example,  if  R s N -*•  1 stages 
are  used  in  the  sliift  register  the  output  will  be  sped-up  in 
the  ratio  N to  1 but  tha  samples  will  be  jJiverted  in  order  so 
that  the  signal  will  be  effectively  reversed  In  time.  Or,  as 
anothor  mcde  of  operation  the  shift  register  could  contain 
P.  « 2N  - 1 stages.  This  mode  of  operation  would  separate  the 
odd  from  the  even  numbered  samples  so  that  the  latest  N • 1 
odd  numbered  samples  would  appear  cn  the  output  followed  ly 
the  latest  N - 1 even  numbered  samples,  etc.  One  mi^t  also 
take  R a (M  » 1)/Uf  that  Is  !T  « MR  + 1,  where  R as  before  is 
the  numl»r  of  stages  in  the  shift  register  and  M is  an  integer. 
For  this  last  mode  of  operation  the  shift  register  would  re- 
cycle repeating  its  output  (a  sequence  of  the  R latest  samples) 
M times  before  the  Doloctor  dropped  the  oldest  sample  and  add- 
ed a new  aie.  It  would  then  repeat  the  ne?  sequence  M times. 


etc.  With  R - - 1 the  samples  would  be  recycled  through 

the  shift  -•'egistcr  in  inverse  order  M tines  before  the  selector  | 

dropped  the  oldest  sample  and  added  a new  one.  | 

Discussion 

< 

The  chf.ef  advantage  of  the  /RliS  over  tlie  DELTIC  unit  is  ' 

psxiiaps  the  absolute  lock  in  aynchronlzati<)n  which  is  possihle 
in  the  shift  register  type  of  time  delay  unit.  Wl'Ui  the  pulse 
frequejjcy  divider  set  to  recycle  on  a coimt  of  N,  ^nsy  be 

varied  ovei*  a fairly  wide  range  without  upsetting  the  operation  | 

of  the  £RUS  unit.  There  is  also  the  possibility  of  utilizing 
this  feature  to  lode  the  ARU5  unit  in  synohranizatlon  with 
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tJie  other  associated  o^u3.piae?itc  ^Vith  the  'jnltu  ojaeratlng 
propei'ly.,  fairly  vide  vai'lations  in  power  siippl'y  voltages  may 
occur  also  without  aff acting  the  synchronisationo 


